The II-VI-semiconductor ZnO has recently re-emerged into the center of international attention. It is a very promising material for opto-electronic devices, because of its wide direct bandgap (Eg = 3.361 eV at room temperature) and its high exciton binding energy (60 meV), which makes the exciton stable at room temperature. Having the strongest excitonic effect in all common semiconductors ZnO is a potential candidate for generating a polariton laser due to the strong light matter interaction with its exciton polariton. ZnO is radiation hard, thus electronic devices may operate in satellites circling in low earth orbits. ZnO is a solar blind material and many applications such as transparent front electrodes in solar cells make use of this fact. Although known for many years, there is still a lack of information on its microstructure and in particular its microscopic electronic and optical properties.
The optical properties of excitonic recombinations in ZnO are investigated by spatially and spectrally resolved cathodoluminescence (CL) measurements. The relevance of CL microscopy as a spatially resolved luminescence technique as a simple but very powerful characterization method is stressed out in discussions of a wide variety of appropriate examples.
Particular attention is devoted to the impact of the internal electrical fields and FranzKeldysh effect in ZnO. Furthermore, this study focuses on the spectral variations as a function of depth to the interface in homo-and heterostructures. Our aim is to establish the nature of the optical transitions influenced by internal fields, defects and impurity doping in ZnO/GaN and ZnO/ZnO interfaces. We present highly spatially resolved luminescence investigations directly correlating the optical characteristics to the nano-scale morphology. The strong impact of local internal fields (Franz-Keldysh-Effect) is directly evidenced. Expected for hetero-interfaces due to the strong spontaneous and piezoelectric polarization fields, this is also found at homo-interfaces and even in ZnO single crystals at domain boundaries. In epitaxially grown ZnO films, a direct correlation between defects and morphology and specific spectral features is found. The bound exciton luminescence I8 directly images the dislocation network and its spectral position maps the lateral strain profile. A selective incorporation of those impurities associated with I0 and I1 at the micro-domain boundaries is evidenced.
The situation further complicates when adding ternary alloys such as MgZnO or CdZnO, needed for heterostructures and Quantum Wells. A mixture of ZnO and CdO (Eg = 2.2 eV) is interesting for the optical properties. The ternary ZnCdO-alloy allows an expansion to narrower bandgap, i.e. into the visible spectral range. However, an additional problem for the epitaxial growth of the alloy arises from the fact that ZnO crystallizes in the wurtzite phase while CdO forms a rock-salt structure. A one-by-one correlation of local stoicheometry and micro-morphology as well as its impact on the relaxation and recombination kinetics is presented. Alloying ZnO with MgO (Eg = 7.8 eV) further expands the optical properties into the UV and far UV. Furthermore MgZnO/ZnO heterostructures or multilayers are essential for fabricating Bragg mirrors for laser and micro cavity application.
